Twenty two N-(substituted phenyl)-methanesulphonamides of the general formula, CH 3 SO 2 NHR, where R = 4-XC 6 H 4 (X = H, CH 3 , F, Cl, Br or NO 2 ), i-XC 6 H 4 (X = CH 3 , Cl or NO 2 and i = 2 or 3) and i, j-X 2 C 6 H 3 (i, j-X 2 = 2,3-(CH 3 ) 2 , 2,4-(CH 3 ) 2 , 2,5-(CH 3 ) 2 , 2,6-(CH 3 ) 2 , 3,5-(CH 3 ) 2 , 2,3-Cl 2 , 2,4-Cl 2 , 2,5-Cl 2 , 2,6-Cl 2 or 3,4-Cl 2 ) were prepared, characterized and their infrared spectra in the solid state and the NMR ( 1 H and 13 C) spectra in solution studied. The N-H stretching vibrations absorb in the range, 3298 -3232 cm −1 . Asymmetric and symmetric SO 2 stretching vibrations appear as strong absorptions in the ranges, 1331 -1317 cm −1 and 1157 -1139 cm −1 , respectively. The sulphonamides exhibit S-N stretching vibrations in the range, 926 -833 cm −1 . The effect of substitution in the phenyl ring in terms of electron withdrawing and electron donating groups is non-systematic. The 1 H and 13 C chemical shifts of N-(substituted phenyl)-methanesulphonamides are assigned to various protons and carbons of the compounds. Further, incremental shifts of the ring protons and carbons due to CH 3 SO 2 -and CH 3 SO 2 NH-groups in the N-(phenyl)-methanesulphonamide are computed and used to calculate the 1 H and 13 C chemical shifts of various protons and carbons of N-(substituted phenyl)-methanesulphonamides, by adding substituent contributions to the corresponding aromatic proton or carbon chemical shifts of either aniline, substituted anilines, benzene or substituted benzenes, in different ways, as per the principle of substituent addition. The computed values by different procedures agree well with each other and with the experimental chemical shifts. The correlation of these incremental shifts with the Hammett substituent parameters is poor.
Introduction
Sulphonamides are of fundamental chemical interest as they show distinct physical, chemical and biological properties. Many sulphonamides exhibit pharmacological, fungicidal and herbicidal activities because of their oxidising action in aqueous, partial aqueous and non-aqueous media [1 -12] . Thus an understanding of the formation, properties and reactions of sulphonamides is central to future development in areas such as medicinal and redox chemistry [13 -19] . We report herein the preparation, characterization, IR and NMR spectra of 22 N-(substituted phenyl)-methanesulphonamides of the general formula, CH 3 SO 2 NHR, where R = 4-XC 6 H 4 (X = H, CH 3 , F, Cl, Br or NO 2 ); i-XC 6 H 4 (X = CH 3 , Cl or NO 2 and i = 2 or 3) and i, j-X 2 C 6 H 3 (i, j-X 2 = 2,3-(CH 3 ) 2 , 2,4-(CH 3 ) 2 , 2,5-(CH 3 ) 2 , 2,6-(CH 3 ) 2 , 3,5-(CH 3 ) 2 , 2,3-Cl 2 , 2,4-Cl 2 , 2,5-Cl 2 , 2,6-Cl 2 or 3,4-Cl 2 ).
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Experimental

Materials and Methods
The N-(substituted phenyl)-methanesulphonamides were prepared by the reactions of methane sulphonylchloride with the corresponding anilines [20] . The reaction mixtures were heated to about 40 -50 • for a few minutes and allowed to stand for several hours to several days at room temperature. The completion of the reactions with nitro substituted compounds took longer periods, while those of the methyl substituted compounds took longer periods for the precipitation due to crystallization problems. The products were then cooled with ice cold water. The resultant solid sulphonamides were filtered under suction, washed thoroughly with ice cold water and recrystallised to constant melting points from dilute ethanol ( Table 1) . 
Spectral Measurements
Infrared spectra: Infrared spectral measurements were made on a JASCO-430 (Japan) FT-IR spectrometer. The resolution was set to 2 cm −1 and the scanning range was 400 to 4000 cm −1 . The spectra were measured in the solid state as pressed KBr pellets (13 mm).
1 H and 13 C NMR spectra: The proton NMR spectra of all the N-(substituted phenyl)-methanesulphonamides were measured on a BRUKER Ac 300F, 300 MHz FT-NMR spectrometer. The spectra were recorded in CDCl 3 and DMSO with tetramethylsilane (Me 4 Si) as internal standard. The experimental conditions employed were as follows; The spectral frequency (SF) was kept at 300.134 MHz, sweep width (SW) at 6024.096, pulse width (PW) at 8.0, relaxation delay (RD) of 1.0(sec), acquisition time (AQ) was 1.360(sec), receiver gain (RG) 10, decoupling power (DP) was 63L CPD, filter to suppress noise (LB) 0.0, reference value (SR) was set at 4125.36 ppm for H 2 O internally. For 13 C NMR spectra, the spectral frequency (SF) was kept at 75. width (SW) at 22727.273, pulse width (PW) at 5.0, relaxation delay (RD) of 1.0(sec), acquisition time (AQ) was 0.360(sec), receiver gain (RG) 400, decoupling power (DP) was 14H CPD, filter to suppress noise (LB) 6.0, reference value (SR) was set at 701.89 ppm for DMSO at 39.5 ppm externally.
Results and Discussion
Infrared Spectra
The general assignments of the important infrared absorption frequencies of N-(substituted phenyl)-methanesulphonamides are shown in Tables 2 -5 . The infrared absorption frequencies of N-(phenyl)-methanesulphonamide reported earlier [20] were also [13, 21 -24] , giving a table of characteristic group absorptions. The ranges of group absorptions have been assigned based on many compounds in which the groups occur. Although the ranges are quite well defined, the precise frequency or wavelength at which a specific group absorbs is dependent on its environment within the molecule and on its physical state. N-H stretching vibrations absorb in the ranges, 3298 -3232 cm −1 . Asymmetric and symmetric SO 2 stretching vibrations appear as strong absorptions in the ranges, 1331 -1317 cm −1 and 1157 -1139 cm −1 , respectively. The values reported for N-(phenyl)-methanesulphonamide are 1323 cm −1 and 1150 cm −1 , respectively. N-(substituted phenyl)-methanesulphonamides exhibit S-N stretching vibrational absorptions in the range, 926 -833 cm −1 . The C-S stretching frequency of the compounds containing the alkyl -SO 2 group is found to be in the region 787 -739 cm −1 . The other discussions are similar to the organic aromatic compounds in general. The effect of substitution in the phenyl ring in terms of electron withdrawing and electron donating groups is nonsystematic.
1 H NMR Spectra
1 H chemical shifts of aromatic and alkyl protons of all the N-(substituted phenyl)-methanesulphonamides were calculated by adding the incremental shifts due to the CH 3 SO 2 -group and the substituent X (CH 3 , F, Cl, Br or NO 2 ) (Table 8 ) to the chemical shifts of the aniline protons (H-2,6 = 6.48 ppm, H-3,5 = 7.05 ppm and H-4 = 6.67 ppm). In the second method (calc. 2), the chemical shifts of the aromatic protons in CH 3 SO 2 NHR were evaluated by adding the incremental shifts due to the CH 3 SO 2 -group to the chemical shifts of the corresponding protons of the substituted anilines ( Table 7) . The calculated chemical shifts by the methods 1 and 2, compared with the observed chemical shifts, are shown in Tables 9  and 10 . There is a good agreement between the two sets of calculated values and the experimental chemical shifts, showing that the two methods of cal- Table 13 . Incremental Shifts of the aromatic atoms of monosubstituted benzenes (ppm from benzene at 128.5 ppm, +downfield, -upfield) carbon atom of substituents from TMS. Similarly, the incremental shifts of aromatic protons due to the CH 3 SO 2 NH-group in the compound, N-(phenyl)-methanesulphonamide, CH 3 were computed in two more ways by using the calculated incremental shifts of aromatic protons due to the CH 3 SO 2 NH-group. In the first method 3 (calc. 3), the chemical shifts of aromatic protons were calculated by adding the incremental shifts due to the CH 3 SO 2 NH-and the substituent X at different benzene positions (CH 3 , F, Cl, Br or NO 2 ) (Table 8) to the benzene proton value of 7.29 ppm. In the other method (calc. 4), the chemical shifts of aromatic protons in the N-(substituted phenyl)-methanesulphonamides were computed by adding the incremental shifts due to the CH 3 SO 2 NH-group to the chemical shifts of the corresponding protons in substituted benzenes (Table 7) . The calculated chemical shifts by the methods 3 and 4 are also shown in Tables 9 and 10.
The comparisons revealed that generally the four sets of calculated chemical shifts agree well with the experimental values. Thus it is evident from these that the different procedures of calculation lead to almost the same values in most cases, confirming the validity of the principle of additivity of the substituent effects in these compounds.
13 C NMR Spectra
The 13 C chemical shifts of aromatic and alkyl carbons of all the N-(substituted phenyl)-methanesulphonamides are shown in Table 11 . The 13 C chemical shifts of benzene, substituted benzenes, aniline and substituted anilines were also measured under identical conditions and included in Table 12 . The various chemical shifts are assigned to the different carbons in the compounds, in conformity with the literature for similar compounds [13, 21, 22, 25 -28] . Further, the incremental shifts of C-1; C-2,6; C-3,5 and C-4 carbons due to the CH 3 SO 2 -group in N-(phenyl)-methanesulphonamide, CH 3 SO 2 NH(C 6 H 5 ) were computed by comparing the chemical shifts of the aromatic carbons in this compound with the corresponding aniline carbons (C-1 = 146.2 ppm; C-2,6 = 114.6 ppm; C-3,5 = 128.8 ppm and C-4 = 117.8 ppm). The computed incremental shifts of the C-1; C-2,6; C-3,5 and C-4 carbons are −9.3; 6.3; 0.8 and 7.6, respectively. The incremental shifts due to the CH 3 SO 2 -group and those of the substituents (Table 13) C-3,5 = 1.2 and C-4 = −3.0. Then these incremental shifts due to the CH 3 SO 2 NH-group and of the substituents X (Table 13) were used to calculate the chemical shifts of the aromatic carbons in the N-(substituted phenyl)-methanesulphonamides, by two more methods similar to the ones described under 1 H NMR spectra (calc. 3 and calc. 4). In the method 3, the chemical shifts of aromatic carbons were computed by adding the incremental shifts due to the CH 3 SO 2 NHgroup and of the substituents X (Table 13 ) to the benzene carbon value of 128.4 ppm. In the other method (calc. 4), the chemical shifts of the aromatic carbons in all N-(substituted phenyl)-methanesulphonamides were computed by adding the incremental shifts due to the CH 3 SO 2 NH-group to the chemical shifts of the corresponding carbons in substituted benzenes (Table 12). The calculated chemical shifts by methods 3 and 4 are also shown in Tables 14 and 15 .
It is evident from the comparison of the 4 sets of calculated shifts that the different procedures of calculation lead to almost the same values in most cases, showing the validity of the principle of additivity of the substituent effects in the case of 13 C chemical shifts. The correlation between the incremental shifts of either the aromatic protons or carbons due to the groups CH 3 SO 2 -and CH 3 SO 2 NH-with the corresponding Hammett substituent parameters was poor.
